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(57)  Tho pair of radio communication apparatuses
of this invention on a transmitter side and a receiver side
conduct data transmission and receiving through radio
communication by a space diversity method where a
plurality of antennas are switchedtherebetween, where-
in the radio communication apparatus on the transmitter
side includes a transmission cireuit for conducting data
transmission and a transmitting antenna switch circuit
for selecting a transmitting antenna among a plurality of
transmitting antennas for transmitting radio waves and
connecting the selected transmitting antenna to the
transmission circuit, and the radio communication ap-
paratus on the receiver side includes a receiving circuit
for conducting data receiving and a receiving antenna
switch circuit for selecting a receiving antenna among a
plurality of receiving antennas on the receiver side the
radio waves and connecting the selected receiving an-
tenna to the receiving circuit.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a radio communication apparatus which conducts radio data transmission by a
space diversity method.

2. Description of the Related Art:

Radio communication apparatuses which conduct data transmission through radio communication are used for
various types of radio communication systems to realize communication between communication networks such as
LANSs (local area networks) and WANs (wide area networks). as well as between electronic notebooks, personal com-
puters, work stations, office processors, large-scale computers, POSs (point of sales systems), ECRs (electronic cash
registers), sequencers, and the like. In such radio communication apparatuses, a space diversity method is widely
employed where a plurality of antennas disposed at locations spatially different from one another are switched among
them depending on the radio wave conditions to reduce fading.

The space diversity method employed in conventional radio communication apparatuses only switches either re-
ceiving anlennas on the receiver side (receiver space diversily) or ransmilling anlennas on the lransmiller side (lrans-
mitter space diversity). In the receiver space diversity method, receiving antennas are switched based on the receiving
conditions such as the level of received data and an occurrence of a receiving error detected on the receiver side, to
ensure good receiving conditions. In the transmitter space diversity method, transmitting antennas are switched based
on whether or not a response has been sent from the receiver side and the like.

Howover, in indoor radio communication systoms such as a radio LAN, where the radio wave cnvironmont is
especially complicate, the transmission route of radio waves obtained by switching antennas on only one of the receiver
and transmitter sides is too restrictive 1o obtain the effect of the space diversity sufficiently. :

The conventional radio communication apparatuses has another drawback, which is described with reference to
Figure 14. Assume that a parent station 21 radio-communicates with four sub-stations 22 to 25 and only the parent
station 21 can switch its antennas, as shown in Figure 14. In this case, once the parent station 21 switches the antennas
in response to data transmission from the sub-station 22, for example, good receiving conditions can be maintained
in subsequent communication between the parent station 21 and the sub-station 22 without the need for the parent
station 21 1o swilch its antennas. Thus, the space diversity eflectively works. However, when the parent station 21
receives data from any of the other sub-stations 23 to 25, it will have to switch the antennas with high probability to
obtain good receiving conditions for new data. in the case where the sub-stations 22 1o 25 transmit data to the parent
station 21 one after another frequently, it becomes difficult for the parent station 21 to switch the antennas in obedience
to such frequent data transmission from the different sub-stations. In such a case, the effect of the space diversity
cannot be obtained sufficiently. This trouble will be overcome if the sub-stations 22 to 25 are also allowed to switch
their antennas. Then, the necessity for the parent station 21 to switch its antennas for each of the sub-stations 22 to
25 will be reduced.

SUMMARY OF THE INVENTION

The pair of radio communication apparatuses of this invention on a transmitter side and a receiver side conduct

data transmission and receiving through radio communication by a space diversity method where a plurality of antennas

are switched therebetween, wherein the radio communication apparatus on the transmitter side includes a transmission
circuit for conducting data transmission and a transmitting antenna switch circuit for selecting a transmitting antenna
among a plurality of lransmilling anlennas for lransmilting radio waves and connecling the selected transmitling an-
tenna to the transmission circuit, and the radio communication apparatus on the receiver side includes a receiving
circuit for conducting data receiving and a receiving antenna switch circuit for selecting a receiving antenna among a
plurality of receiving antennas on the receiver side the radio waves and connecting the selected receiving antenna to
the receiving circuit. '

In onc embodiment of the invention, the radic communication apparatus on the transmitter side further includes
transmitting antenna switch means for executing an antenna switch processing with the transmitling antenna switch
circuit in accordance with a predetermined transmitting antenna switch procedure, and the radio communication ap-
paratus on the receiver side further includes receiving antenna switch means for executing an antenna switch process-
ing with the receiving antenna switch circuit in accordance with an independent receiving antenna switch procedure
which is not synchronous with the antenna switch processing executed by the transmitting antenna switch means.
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In another embodiment of the invention, the radio communication apparatus on the transmitter sida further includes
transmitting antenna switch means for executing an antenna switch processing by controlling whether or not the trans-
mitting antennas are switched by the transmitting antenna swilch circuit and which transmitting antenna is selected in
accordance with an antenna switch procedure designed so that. when both the transmitting antenna switch circuit and
the receiving antenna switch circuit switch the transmitting antennas and the receiving antennas simultaneously or
either one of the transmitting antenna switch circuit and the receiving antenna switch circuit switches the transmitting
or receiving antennas and a switch count corresponding to the number of times of switching is equal 1o a product of
the number of transmitling antennas and the number of receiving antennas, all combinations of the transmitting an-
tennas and the receiving antennas realized by all of the switching are different from one another, and the radio com-
munication apparatus on the receiver side further includes receiving antenna switch means for executing an antenna
switch processing by controlling whether or not the receiving antennas are switched by the receiving antenna switch
circuit and which receiving antenna is selected in accordance with the antenna switch processing.

In still another embodiment of the invention, each of the radio communication apparatuses on the transmitter side
and the receiver side further includes switch count means for counting the number of times of switching conducted by
both the transmitting antenna switch circuit and the receiving antenna switch circuit simultaneously or by one of the
antenna switch circuits, the radio communication apparatus on the transmitter side further includes transmitting antenna
switch means for executing an antenna switch processing by allowing the transmitting antenna switch circuit to switch
the transmitting antennas in a predetermined order only when a remainder of the switch count counted by the switch
count means on the transmitter side divided by a predetermined transmission switch interval value, and the radio
communicalion apparalus on lhe receiver side further includes receiving anlenna swilch means lor execuling an an-
tenna switch processing by allowing the receiving antenna switch circuit to switch the receiving antennas in a prede-
termined order only when a remainder of the switch count counted by the switch count means on the receiver side
divided by a predetermined receiving switch interval value.

In still another embodiment of the invention, the radio communication apparatus on the transmitter side further
includos ro-transmission means for transmitting data repoatcedly for a prcd_dtormined number of times, and the trans-
mitting antenna switch means executes the antenna switch processing every time the data is transmitted, and the radio
communication apparatus on the receiver side further includes received data synthesizing means for selecting or syn-
thesizing effective received data from a plurality of received data every time data is received a plurality of number of
times, and the receiving antenna switch means executes the antenna switch processing every time the data is received.

In still ancther embodiment of the invention, the radio communication apparatus on the transmitter side further
includes re-transmission means for retransmitting previously transmitted data when a response indicating detection of
a receiving error is received from the radio communication apparatus on the receiver side or a response indicating
success in receiving the data is not received, and the transmitting antenna switch means executes the antenna switch
processing when the re-transmission means re-transmits the transmitted data, and the radio communication apparatus
on the receiver side further includes receiving error detection means for detecting a receiving error of received data
and response means for sending a response to the radio communication apparatus on the transmitter side through
radio communication when the receiving error detection means detects a receiving error or when the data has been
successfully received, and the receiving antenna switch means executes the antenna switch processing every time
the receiving error detection means detects a receiving error.

In still another embodiment of the invention, the radio communication apparatus on the receiver side further in-
cludes re-transmission receiving detection means for detecting that received data is re-transmitted data, and the re-
ceiving antenna switch means executes the antenna switch processing when the redransmission receiving detection
means detects that the received data is re-transmitted data, and the radio communication apparatus on the transmitter
side further includes re-transmission detection means for detecting that transmitted data has been successfully re-

‘ceived by re-transmission, and the transmitting-antenna swilch means executes thie antenna switch processing when

the re-transmission detection means detects success in transmitting data by re-transmission.

In still another embodiment of the invention, the radio communication apparatus on the receiver side further in-
cludes receiving level deteclion means for detecling a receiving level of received data and response means [or sending
a response to the radio communication apparatus on the transmitter side through radio communication when the re-
ceiving level detection means detects a low receiving level, and the receiving antenna switch means executes the
antenna switch processing when the receiving level detection means detects a low receiving level, and the transmitting
antenna switch means of the radio communication apparatus on the transmitter side executes the antenna switch
processing when a response indicating detection of a low roceiving level from the radio communication apparatus on
the receiver side is received.

In still another embodiment of the invention, the radio communication apparatus on the receiver side further in-
cludes source address memory means for storing an address of a transmitter of previously received data and antenna
switch withholding means for instructing the receiving antenna switch means to withhold the execution of the antenna
switch processing and instructing the response means to withhold the sending of the response to the transmitter side
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when an address of a transmitter of currently received data is different from the source address stored in the source
address memory means.

Thus, according to the present invention, not only the receiving antennas of the radio communication apparatus
on the receiver side are switched by the receiving antenna switch circuit, but also the trénsmitting antennas of the radio
communication apparatus on the transmitter side are also switched by the transmitting antenna switch circuit. Accord-
ingly, a variety of combinations of the transmitting and receiving antennas can be realized, compared with the conven-
tional space diversity method where the antennas are switched on only one of the transmitter and receiver sides. This
increases the possibility of better transmission/receiving in a complicate radio wave circumstance.

The radio communication apparatus of the present invention is provided with both the transmitting antenna switch
circuit and the receiving antenna switch circuit to effect both transmission and receiving. Alternatively, the radio com-
munication apparatus on the transmitter side may be provided with only the transmitting antenna switch circuit, while
the radio communication apparatus on the receiver side may be provided with only the receiving antenna switch circuit.
Inthe radio communication apparatus capable of conducting both transmission and receiving, the transmitting antennas
can also be used as the receiving antennas. The same antenna switch circuit may be used as the transmitting antenna
switch circuit at the transmission of data and as the receiving antenna switch circuit at the receiving of data.

The transmitting antenna switch means on the transmitter side and the receiving antenna switch means on the
receiver side can execute the antenna switch processing in accordance with predetermined transmitting antenna switch
procedure and receiving antenna switch procedure, respectively, which are completely independent from each other.
In this case, all the combinations of the transmitting and receiving antennas can be selected eventually after the two
sides repeal the antenna swilch Processing independenlly even if the lwo sides cannol exchange inlormalion on an-
tenna switching with each other, though some combination may appear more frequently than other combinations. Thus,
a combination aliowing for good data transmission can be obtained.

Altematively, the transmitting antenna switch means on the transmitter side and the receiving antenna switch
means on the receiver side can execute the antenna switch processing in accordance with a predetermined antenna
switch procedure. Accordingly, all the combinations of tho transmitting and receiving antennas can be selectod without
fail. in some cases, the antenna switch processing may not actually be executed on one of the transmitter and receivar
sides in accordance with the antenna switch procedure. Also, the antenna switch procedure may include steps where
no antenna switching is not conducted on the transmitter side nor the receiver side at predetermined intervals.

The antenna switch procedure can be designed so that the transmitting and receiving antennas can actually be
switched only when the caiculation result of the remainder of the switch count divided by the switch interval value is
identical to a predetermined value. with such an antenna switch procedure, all the combinations of the transmitting
and receiving antennas can be selected without fail only by the calculation between the current value of the switch
count and a predetermined value.

All transmitting data can be re-transmitted for a predetermined number of times, and the combination of the trans-
mitting and receiving antennas can be changed every time the data is re-transmitted or every time the data is re-
transmitted a plurality of times. Thus, by realizing all the combination of the transmitting and receiving antennas, the
transmitting data can be received on the receiving side without fail.

All the combinations of the transmitting and receiving antennas can also be realized by changing the combination
sequentially every time a receiving error is detected on the receiver side or every time a plurality of receiving errors
are detected on the receiver side. Thus, a combination free from the occurrence of a receiving error can be selected
without fail. When data is successfully received on the receiver side, re-transmission of the data is no more conducted.
This improves the time utilizing efficiency of data transmission.

Individual re-transmission on the transmitting and receiving sides can be detected after the restransmission has
been conducted. Accordingly, even in the case where detection of a receiving error and re-transmission are automat-

~ically conducted, a combination of the transmitting and receiving antennas through which data can be transmitted

without an error can be seiected without fail.

All the combinations of the transmitting and receiving antennas can also be realized by changing the combination
sequentially every time low leve! receiving is detecled on the receiver side or every lime low level receiving is delecled
on the receiver side a plurality of times. Thus, a combination capable of realizing high level receiving can be selected
without fail.

Inthe case where a new transmitter interrupts once or the transmitter frequently changes one after another, causing
lowered receiving level, the antenna switch processing and the response to the transmitter side are not executed on
the receiver side. Thus, the combination of the transmitting and receiving antennas is not changed unnecessarily.

Thus, the invention described herein makes possible the advantage of providing a radio communication apparatus
which employs a space diversity method where antennas are switched both on the receiver and transmitter sides to
ensure good data transmission/receiving even in a complicate radio wave environment.

These and other advantages of the present invention will become apparent to those skilled in the art upon reading
and understanding the following detailed description with reference to the accompanying figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram showing the configuration of a terminai unit of Example 1 according to the present
invention. ’

Figure 2 is a block diagram showing the configuration of a terminal unit of Example 2 according to the present
invention.

Figure 3 is a block diagram showing the configuration of a terminal unit of Example 3 according to the present
invention.

Figure 4 is a flowchart of a transmission program used on the transmitier side in Example 3.

Figure 5 is a block diagram showing the configuration of a terminal unit of Example 4 according to the present
invention. '

Figure 6 is a flowchart of a transmission program used on the transmitter side in Example 4.

Figure 7 is a flowchart of a receiving program used on the receiver side in Example 4.

Figure 8 is a flowchart of a receiving program used on the receiver side in Example 5.

Figure 9 is a flowchart of a transmission program used on the transmitter side in Example 5.

Figure 10 is ablock diagram showing the contiguration of a terminal unit on the receiver side of Example 6 according
to the present invention.

Figure 11 is a flowchart of a receiving program used on the receiver side in Example 6.

Figure 12 is ablock diagram showing the configuration of a terminal unit on the receiver side of Example 7 according
lo the present invenlion. .

Figure 13 is a flowchart of a receiving program used on the receiver side in Example 7.

Figure 14 shows a conventional radio communication system where communication is conducted between one
parent station and a plurality of sub-stations.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described by way of examples with reference to the accompanying drawings as
follows.

(Example 1)

Referring to Figure 1, the first example of the present invention will be described. Figure 1 is a block present
invention will be described. Figure 1 is a block diagram showing the configuration of a terminal unit of Example 1.

In this example, a terminal unit such as a work station and a shared printer provided with the radio transmission/
receiving function used in a radio LAN and the like will be described.

Referring to Figure 1, the terminal unit includes a controller 1 and a temporary memory 2 and a memory 3 which
are connected with the controller 1 via buses. In this example, a CPU (control processing unit), a microcomputer, or
the like is used as the controller 1. The temporary memory 2 is a volatile memory such as a RAM (random access
memory), while the memory 3 is a nonvolatile memory such as a ROM (read only memory) and a magnetic disk device.
An input device 4 and an output device 5 are also connected with the controller 1 via buses. The input device 4 includes
a keyboard or the like for operation input, an input interface with another device, and the like. The output device 5
includes a display, a printer, an output interface with another device, and the like.

The controller 1 is connected with a parallel/serial converter 6 to allow parallel data to be input into/output from
the controller 1. The parallel/serial converter 6 converts transmitting data sent in parallel from the controller 1 into serial
data and outputs‘thié serial data, while it converts received data input in serial into paraliel data and sends the parallel
data to the controller 1. The transmitting data output from the parallel/serial converter 6 is sent to a transmit/receive
switch circuit 9 via a modulation section 7a of a modulator/demodulator 7 and a driver 8. The modulation section 7a
of the modulalor/demodulalor 7 ia a circuil which modulales a lransmilling carrier in accordance with transmitling data
and outputs the resultant data as a transmitting signal. The driver 8 is a circuit which adjusts or converts the level of
the transmitting signal. The transmitting signal sent to the transmit/receive switch circuit 9 is then output outside from
a first antenna 11 or a second antenna 12 via an antenna switch circuit 10. On the contrary, a signal received through
the first antenna 11 or the second antenna 12 is sent to a demodulation section 7b of the modulator/demodulator 7 via
the antenna switch circuit 10, the transmit/receive switch circuit 9, and a receiver 13. The receiver 13 is a circuit which
adjusts or converts the level of the received signal. The demodulation section 7b of the modulator/demodulator 7
demodulates the received signal to obtain demodulated received data. The received data is sent in serial from the
demodulation section 7b to the paralleVserial converter 6.

The transmit/receive switch circuit 9 switches the output of the driver 8 and the input of the receiver 13 to connect
one of them to the antenna switch circuit 10. This switching is controlled by a transmit/receive switch signal sent from
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the controller 1. The antenna switch circuit 10 switches the first and second antennas 11 and 12 to connect one of
them to the transmit/receive switch circuit 9. This switching is controlled by an antenna switch signal sent from the
controller 1. The first and second antennas 11 and 12 are transmitting/receiving antennas usable both for transmission
and receiving, which are disposed at positions different from each other to effect the space diversity. Thus, at the
transmission of data in which the transmit/receive switch circuit 9 selects the output of the driver 8, the antenna switch
circuit 10 selects one of the antennas to be used as the transmitting antenna. On the contrary, at the receiving of data
in which the transmit/receive swilch circuit 9 selects the input of the receiver 13, the antenna switch circuit 10 selects
one of the antennas to be used as the receiving antenna.

In the terminal unit with above configuration, the controller 1 directly executes a program stored in the memory 3
or executes a program loaded to the temporary memory 2. Transmitting data and received data are processed in
accordance with direct instructions written in the program or instructions input via the input device 4 during the execution
of the program. Transmitting data and received data are actually processed by the controller 1 which executes trans-
mission/receiving programs stored in the memory 3 or transmission/receiving programs loaded to the temporary mem-
ory 2. Inthe execution of the transmission/receiving programs, a portion of the temporary memory 2 is used as a buffer
or other work areas as required.

The case where the controlier 1 conducts the transmission operation in accordance with the transmission program
will be described. First, the controller 1 sends the transmit/receive switch signal to the transmit/receive switch circuit
9 10 connect the output of the driver 8 to the antenna switch circuit 10. The controller 1 also sends the antenna switch
signal to the antenna switch circuit 10, if required, to switch the first and second antennas 11 and 12. The controller 1
can also swilch lhe firsl and second anlennas 11 and 12 al a laler slage during the transmission operation by sending
the antenna switch signal appropriately. Transmitting data has been stored in the temporary memory 2 or the memory
3 oris input via the input device 4. The controller 1 sends the transmitting data to the paralleVserial converter 6 without
processing or after processing such as data compression. In general, transmitting data is divided into a plurality of
blocks every predetermined length of data, and each block is provided with a redundant code for error detection and
crror correction beforo being sent to the parallelscrial converter 6. The transmitting data is convertod into scrial data.
by the parallel/serial converter 6 and then modulated by the modulation section 7a of the modulator/demodulator 7 to
obtain a transmitting signal. The transmitting signal then passes through the driver 8, the transmitfreceive switch circuit
9, and the antenna switch circuit 10 to be output from the first or second antenna 11 or 12. )

. Then, the case where the controlier 1 conducts the receiving operation in accordance with the receiving program
will be described. First, the controller 1 sends the transmit/receive switch signal to the transmit/receive switch circuit
9 to connect the antenna switch circuit 10 1o the input of the receiver 13. The controller 1 also sends the antenna switch
signal to the antenna switch circuit 10, if required, to switch the first and second antennas 11 and 12. The controller 1
can also switch the first and second antennas 11 and 12 at a later stage during the receiving operation by sending the
antenna switch signal appropriately. Data received via the first or second antenna 11 or 12 is sent to the demodulation
section 7b of the modulator/demodulator 7 through the antenna switch circuit 10, the transmit/receive switch circuit 9,
and the receiver 13. The received data is demodulated by the demodulation section 7b and then converted into parallel
data by the parallel/serial converter 6 to be sent to the controller 1. In general, the controller 1 conducts error detection
and error correction of the received data based on the redundant code attached to each block of the data. The received
data is stored in the temporary memory 2 or the memory 3 without processing or after processing such as data recovery,
and directly handed over to the execution program or outpul to the output device 5.

The first and second antennas 11 and 12 can be switched during the transmission/receiving operations when an
antenna switch requiring factor occurs, for example, when the same data is re-transmitted on the transmitter side,
when a data receiving error occurs on the receiver side, or when the data receiving level is low on the receiver side.
In such a case, if only the receiving antenna of the terminal unit on the recsiver side is switched when adata receiving
error occurs on'the'receiver side, for example, the resuttant efiect of the space diversity is just the same as that obtained
conventionally. Accordingly, when an antenna switch requiring factor occurs on either the transmitter side or the receiver
side, it is required to switch both the transmitting and receiving antennas of the terminal units on the transmitter and
receiver sides by allowing the other side o know the occurrence of the factor by ilsell or by nolice. However, a trouble
arises when an antenna switch requiring factor is shared by the two terminal units and the first and second antennas
11 and 12 are always switched simultaneously on the transmitter and receiver sides. That is, assume that the first
antenna 11 has been selected on both the transmitter and receiver sides. When the first antenna 11 is switched to the
second antenna 12 on the transmitter side, the first antenna 11 on the receiver side is also switched to the second
antenna 12. This means that data transmission/receiving through the combination of the first antenna 11 on one side
and the second antenna 12 on the other side is never realized.

The above trouble where the same combination of the transmitting and receiving antennas is repeated unneces-
sarily or a certain combination thereof is never realized can be solved by employing the following method. That is, the .
transmission and receiving programs in the terminal units on the transmitter and receiver sides may be programmed
so that, whenever an antenna switch requiring factor occurs, the antennas on the both sides should be switched in
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accordance with an antenna switch procedure where four combinations of the transmitting and receiving antennas
shown in Table 1 are realized sequentially.

Table 1
Transmitting Receiving
antenna antenna
Combination 1 first antenna firat antenna

Combination 2 first antenna second'antenna

Combination 3 second antenna first antenna

Combination 4 second antenna second antanna

Specifically, in the case where the transmitting and receiving antennas are in combination 1 in Table 1, when an
antenna switch requiring factor occurs, the first antenna 11 is switched to the second antenna 12 only in the terminal
unit on the receiver side, while no antenna switching is conducted in the terminal unit on the transmitter side, so as to
realize combination 2. Hers, the antenna swilch requiring factor is, for example, an increase in the bit error rate. Then,
when a next antenna switch requiring factor occurs, the second antenna 12 is switched to the first antenna 11 in the
terminal unit on the receiver side, while the first antenna 11 is switched 1o the second antenna 12 in the teminal unit
on the transmitter side. so as to realize combination 3. Combination 3 is switched to combination 4 when another
antenna switch requiring factor occurs, and combination 4 is returned to combination 1 when yet another antenna
switch requiring factor occurs. The antenna switch processing is thus repeated in accordance with this antenna switch
procedure. According to this procedure, the number of times of the switching in the antenna switch processing where
the first antenna 11 and the second antennas 12 are swilched on at least one of the transmitter and receiver sides is
four, which is equal to the total of the two transmitting antennas and the two receiving antennas. Accordingly, all the
four combinations shown in Table 1 can be realized. The switching described in the above method is performed at a
timing of, for example, a border between adjacent packets of information in time axis.

‘The._antenna switch. processing according to the above antenna switch procedure is conducted in the following
manner. A combination table as shown in Table 1, for example, is stored in a portion of the temporary memory 2, while
a pointer indicating the current combination in the combination table is stored in another portion of the temporary
memory 2. Whenever the antenna swilch processing is conducted, the poinler is shifled by one, and the current com-
bination and the previous combination are compared, to determine whether or not the first antenna 11 and the second
antenna 12 should be switched on the transmitter and receiver sides and switch if required.

In order to switch the transmitting and receiving antennas on the transmitter and receiver sides as described above
whenever an antenna switch requiring factor occurs, both the terminal units on the transmitter and receiver sides must
bo informed of the occurrence of the factor. The transmitling and receiving antennas may be switched indepondently
on the transmitter and receiver sides without being synchronized. In this case, since the switchings on the transmitter
and receiver sides are not synchronous, all the combinations of the first and second antennas 11 and 12 can be realized
by shifting the switch timings from each other. Alternatively, the switch periods on the transmitter and receiver sides
may be made different from each other or the antennas only on one side may be switched. In these cases, all the
combinations will be finally realized after repeating the switching even if the switching starts simultaneously on the two
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sides, though some combination may appear more often than others. Alternatively, the transmitting antennas of the
terminal unit on the transmitter side may be switched sequentially at predetermined intervals to allow redransmission
only under such a deteriorated radio wave circumstance that no response to first transmission is received from the
terminal unit on the receiver side. Then, once the transmitting antenna which can receive a response from the receiver
side is selected, only the receiving antennas of the terminal unit on the receiver side can be switched depending on
the receiving level and the like.

Thus, by using the terminal units with the above configuration to transmit/receive data therebetween, not only the
first and second antennas 11 and 12 as the receiving antennas of the terminal unit on the receiver side, but also the
first and second antennas 11 and 12 as the transmit antennas of the terminal unit on the transmitter side can be
switched. Accordingly, a variety of combinations of the transmitting and receiving antennas can be realized, compared
with a terminal unit employing the conventional space diversity method where only the transmitting or receiving anten-
nas on the transmitter or receiver side are switched. This makes it possible to transmitfreceive data in a ccmplicate
radio wave circumstance, as well as increasing the possibility of better data transmission/receiving in a same radio
wave circumstance. )

Moreover, since the transmitting and receiving antennas are switched in accordance with a predetermined antenna
switch procedure, it is assured that all the four combinations of the two transmitting antennas and the two receiving
antennas disposed on the transmitter and receiver sides, respectively, can be utilized to achisve the space diversity.
All the four combinations of the transmitting and receiving antennas can also be realized when the transmitting and
receiving antennas are switched on the transmitter and receiver sides independently from each other, though some
combinalion(s) may appear lwice or more before all the combinalions appear.

In the first example shown in Figure 1, the dstection of the bit error rate and the reception error can be pedormed.

(Example 2)

Referring to Figure 2, the second example of the present invontion will bo doscribed. Figure 2 is a block diagram
showing the configuration of a terminal unit of Example 2. :

In Example 2, a specific configuration of the terminal unit for conducting the antenna switch processing in accord-
ance with the antenna switch procedure described in Example 1 will be described. Components having the same
functions as those in Example 1 shown in Figure 1 are denoted by the same reference numerals. and the description
thereof is omitted.

In Example 2, the temporary memory 2 of each of the terminal units on the transmitter and receiver sides includes
a switch count area 2a for storing the number of times of switching and a switch interval area 2b for storing a switch
interval value. The switch count stored in the switch count area 2a corresponds to the number of times of the antenna
switch processing executed in the transmission or receiving program due to the occurrence of an antenna switch
requiring factor. When the transmission/receiving is conducted only between two terminal units of the same type, the
switch counts on the transmitter and receiver sides are increased simultaneously. The switch interval values stored in
the switch interval areas 2b on the transmitter and receiver sides are constants set differently, which are loaded from
the memory 3 and the like. In general, it is appropriate that the switch interval value is set at *1" on one side, while on
the other side it is set at a value equal to the number of antennas disposed on the different side. In this example,
therefore, the value is set at "1" on the receiver side and "2" on the transmitter side.

When an antenna switch requiring factor is detected and the antenna switch processing is executed, the trans-
mission and receiving programs in the terminal units on both sides are programmed to increment the switch count in
the switch count area 2a and read the switch count as well as the switch interval value in the switch interval area 2b.

.Only when the remainder of the switch count divided by the switch interval value is "0" (mod {modulo] operation), the

antenna switch-signal is sent to the antenna switch circuit 10 to switch the first and second antennas 1t and 12.

. With the above configuration, the switch interval value on the transmitter side is set at "2°, while that on the receiver
side is set at *1". Assuming that the first antennas 11 are initially selected as the transmitting antenna and the receiving
anlenna on the transmiller and receiver sides, the transmission and receiving programs in the lerminal units on the
transmitter and receiver sides are programmed to conduct the antenna switch processing as shown in Table 2 beiow.

Table 2
" Transmitter side Receiver side
Antenna swilch Switch countmod 2 | Transmitting antenna | Switch count mod 1 | Receiving antenna
processing
Initial state - first antenna - first antenna
First 1mod2=1 first antenna imod1=0 second antenna
8
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Table 2 (continued)

Transmitter side

Receiver side

Antenna swilch Switch count mod 2 | Transmitting antenna | Switch count mod 1 Receiving antenna
processing
Second 2mod2-0 second antenna 2mod1 -0 first antenna
Third 3mod2=1 second antenna Smod1=0 second antenna
Fourth 4mod2=0 first antenna 4mod1 =0 first antenna

In the first antenna switch processing, the transmission program on the transmitter side calculates 1 mod 2=1,
that is, calculates the remainder of the switch count "1* divided by the switch interval value "2* and obtains *1°. Ac-
cordingly, the antenna switch signal is not sent to the antenna switch circuit 10. On the contrary, the receiving program
on the receiver side calculates 1 mod 1 = 0 and obtains "0°. Accordingly, the antenna switch signal is sent to the antenna
switch circuit 10 to allow the first antonna 11 to be switched to tho socond antenna 12. In the subsequent antenna
switch processings, as in the first processing, the remainder of the switch count divided by the switch interval value is
calculated, and the first and second antennas 11 and 12 are switched to each other only when the calculation result
is *0°. The result of this procedure is as shown in Table 2, where the first and second antennas 11 and 12 are switched
every other antenna switch processing on the transmitter side, while they are switched every antenna swiich processing
on the receiver side. After the antenna switch processing is executed four times, all of the four combinations of the
transmitting and receiving antennas shown in Table 1 have been realized. When the switch count is a multipie of *4°
as the fourth antenna switch processing, the combination of the transmitting and receiving antennas returns to the
initial state where the first antennas 11 are selected on both sides. ' :

Thus, according to this exampie, whenever the antenna switch processing is executed due to the occurrence of
an antenna switch requiring factor, the terminal units on the transmitter and receiver sides calculate the remainder of
the switch count divided by the switch interval individually and determine whether or not the first and second antennas
11and 12 should be switched. Accordingly, it is ensured that all of the four combinations of the two transmitting antennas
and the two receiving antennas can be realized. Moreover, since the antenna switch procedure is determined only by
the switch count and the switch interval value stored in the switch count area 2a and the switch interval area 2b,
respectively, it is not necessary to store a combination table as shown in Table 1. Thus, the temporary memory 2 can
be effectively used especially in the case where three or more antennas are disposed for each terminal unit.

~ According to the antenna switch procedure described above, all of the four combinations of the transmitting and
receiving antennas can be realized by executing the antenna switch processing four times even in the case where the
initial states of the transmitting and receiving antennas are different and the case where the switch count values on
the transmitter and receiver sides are different.

(Exampie 3)

Referring to Figures 3 and 4, the third example of the present invention will be described. Figure 3 is a block
diagram showing the configuration of a terminal unit of Example 3. Figure 4 is a flowchart of a transmission program
used on the transmitter side in this example.

In Example 3, a specific example of an antenna switch requiring factor which may occur in the terminal unit of
Example 2 will be described. Components having the same functions as those in Examples 1 and 2 shown in Figures
1 and-2 are denoted.-by the same ';gference numerals, and the description thereof is omitted. - o

In this example, the case where same data is repeatedly re-transmitted by a predetermined number of times
through sequentially.changed combinations of the transmitting and receiving antennas will be described. This means
that an antenna switch requiring factor occurs every re-transmission. Refermring to Figure 3, the temporary memory 2
of each of the terminal unils on the transmitter and receiver sides includes a re-transmission count area 2¢ for storing
the number of times of re-transmission, a re-transmission upper limit area 2d for storing a re-transmission upper limit
value, and the switch interval area 2b for storing the switch interval value. The ratransmission count stored in the re-
transmission count area 2c corresponds to a value obtained by counting the number of times of re-transmission of
same data. The re-transmission counts on the transmitter and receiver sides are always the same. In this example,
since the antenna switch processing is executed every re-transmission, the re-transmission count is substantially the
same as the switch count. The re-transmission upper limit stored in the re-transmission upper limit area 2d is a constant
shared by the transmitter and receiver sides, indicating the number of times of transmission aliowed for same data. In
this example, the re-transmission upper limit is set at "4" because the number of combinations of the transmitting and
receiving antennas is 4. The setting of the switch interval value stored in the switch interval area 2b is as described in
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Example 2.

Referring to Figure 4, the procedure of the transmission program in the terminal unit on the transmitter side will
be described. At the start of transmission, the re-transmission count in the re-transmission count area 2c is initialized
to 0" (step S1). Transmitting data is transmitted (step 82). incrementing the re-transmission count to "1* (step S3).
Then, as the antenna switch processing, the remainder of the re-transmission count divided by the switch interval value
in the switch interval area 2b is calculated (step S4). If the remainder is "0", the antenna swilch signal is sent to the
antenna switch circuit 10 to switch the first and second antennas 11 and 12 on the transmitter side (step S5). If the
remainder is not *0*, the transmitting antenna is not switched. in this example, since the switch interval value on the
transmitter side is set at *2*, the switching of the transmitting antenna is conducted every other antenna switch process-
ing of the steps S2 and S3. Thereafter, the re-transmission count and the re-transmission upper limit in the re-trans-
mission upper limit area 2d are compared (step S6). If the re-transmission count has not reached the upper limit, the
process returns to step S2 to re-transmit the same transmitting data. When the same transmitting data is transmitted
four times by repeating the steps S2 through $6, the re-transmission count reaches *4" which is equal to the re-trans-
mission upper limit in step S$6. Then, the transmission operation is terminated. '

The terminal unit on the receiver side conducts a receiving operation similar to the above-described transmission
operation. The re-transmission count is increased every time the data is received. The receiving antenna is switched
between the first and second antennas 11 and 12 depending on the calculation result of the remainder of the re-
transmission count divided by the switch interval value. Since the switch interval value on the receiver side is set at
*1" in this example, the receiving antenna is switched every antenna switch processing. Accordingty, every time same
transmitling dala is re-lransmilled, the combination of the transmilling and receiving anlennas changes sequentially -
from the initial state through the state at the third antenna switch processing shown in Table 2. Thus, it is possible to
transmit same data through all the four combinations of the transmitting and receiving antennas.

Thus, according to this example, same transmitting data is re-transmitted four times in accordance with the antenna
switch procedure as described in Example 2. It is therefore possible to transmitrecaive same data through all the
combinations of the four transmitting and recciving antennas. This makes it possible for the terminal unit on the rocoiver
side to select data with the best receiving conditions among four same data repeatedly received or to synthesize data
from a plurality of received data appropriately. Thus, effective received data which is significantly less influenced by
fading can be obtained even under a complicate radio wave circumstance. . ’ )

In the case where the transmitting data is divided into a plurality of blocks before being transmitted, the operation
shown in Figure 4 can be conducted for every block. In Figure 4, the antenna switch processing (steps S4 and S5) is-
executed after the fourth transmission of same data, to return the combination of the transmitting and receiving antennas

- tothe initial state. Alternatively, the processing in step S6 may follow immediately after the fourth transmission in step

S2 to terminate the transmission operation. In this case, though the initial state of the transmitting and receiving an-
tennas changes at the next transmission operation, no trouble will arise.

The antenna switch processing was executed every re-ransmission. Alternatively, it may be executed every time
re-transmission is repeated a plurality of times. :

(Example 4)

Referring to Figures 5 to 7, the fourth example of the present invention will be described. Figure § is ablock diagram
showing the configuration of a terminal unit on the receiver side of Example 4. Figure 6 is a flowchart of a transmission
program on the transmitter side. Figure 7 is a flowchart of a receiving program on the receiver side.

In Example 4, another example of an antenna switch requiring factor which may occur in the terminal unit of
Example 2 will be described. Components having the same functions as those in Examples 1 and 2 shown in Figures
1 and 2 are denoted by the same reference -numerals, and the description thereof is omitted. -

In this example, the case where the combination of the transmitting and receiving antennas is changed only when
an receiving error occurs on the receiver side to re-transmit same data will be described. In this example, therefore,
an anlenna swilch requiring factor occurs every lime dala is re-transmitled due lo a receiving error. The hardware
configuration of the terminal unit on the transmitter side is the same as that shown in Example 3. Referring to Figure
5, the temporary memory 2 of the terminal unit on the receiver side includes a receiving error count area 2e for storing
the number of receiving errors and the switch interval area 2b for storing the switch interval value. The receiving error
count stored in the receiving error count area 2e corresponds to the number of times counted every time an uncorrect-
able error is detected in received data and dotermined as a receiving arror. The setting of the switch interval vajue
stored in the switch interval area 2b is as described in Example 2.

In general, in digital data transmission, an error detection code and an error correction code are attached to trans-
mitting data before the data is transmitted. A receiving program on the receiver side is programmed to detect an error
in the raeceived data and correct it, as required, based on these redundant codes. When the detected error is uncor-
reclable, the terminal unit on the receiver side recognizes it as an receiving error and sends a response indicating the
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error to the transmitter side, requesting re-transmission of the same data. The terminal unit on the transmitter side re-
transmits the data only upon receipt of the response indicating an error from the receiver side. The case where data
has not reached the receiver side due to failure in receiving the data can also be treated as the receiving error. If no
redundant code is attached to transmitting data, the receiving error arises only in the case of failure in receiving data.

The receiving error count is therefore counted simultaneously with the re-transmission count in the re-transmission
count area 2c shown in Figure 3 on the transmitter side, and the receiving error count and the re-transmission count
are substantially the same as the switch count in Example 2. The response from the receiver side itself may include
an error. In general, therefore, the transmission program on the transmitter side is programmed to re-transmit same
data when no response indicating success in receiving data is received from the receiver side. When the response
from the receiver side includes an error as described above, the receiving error count on the receiver side and the re-
transmission count on the transmitter side may become different from each other. In this example, the re-transmission
upper limit in the re-transmission upper limit area 2d shown in Figure 3 is used 1o terminate the transmission operation
abnomally. Accordingly, though the upper limit value may be set at 4" corresponding to the number of combinations
of the transmitting and receiving antennas as in Example 3, it may also be set at a value larger than “4",

Referring to Figure 6, the procedure of the transmission program in the terminal unit on the transmitter side will
be described. At the start of transmission, the re-transmission count in the re-transmission count area 2¢ is initialized
to "0" (step S11). Transmitting data is transmitted (step S12) and then a response from the receiver side is waited for
(step S13). If a response indicating success in receiving the data is received from the receiver side, the transmission
of the current transmitting data is terminated. If a response indicating a receiving error is received from the receiver
side or no response indicaling success in receiving lhe dala is received within a predelemmined period of lime, Lhe re-
transmission count is increased by *1° (step S14), and then the re-transmission count and the re-transmission upper
limit are compared (step S15). If the re-transmission count has not reached the upper limit, the remainder of the re-
transmission count divided by the switch interval value is calculated as the antenna switching processing (step S16).
If the remainder is "0", the transmitting antenna is switched (step S17). If the remainder is not "0°, the transmitting
antenna is not switched. In this example, since the switch interval valuc on the transmitter side is sot at "2*, the trans-
mitting antenna is switched every otherantenna switch processing. Then, the process returns to step $12 to re-transmit
the same data, and the processings in steps S12 to S17 are repeated until a response indicating success in receiving
the data is received from the receiver side. If the re-transmission count reaches the re-transmission upper limit, the
transmission operation is terminated abnormally, concluding that any combination of the transmitting and receiving
antennas will cause a receiving error or that too many receiving errors are found. In the case where the transmitting
data is divided into a plurality of blocks before being transmitted, the operation shown in Figure 6 can be conducted
for every block. ’

Referring to Figure 7, the procedure of the receiving program in the terminal unit on the receiver side will be
described. First, after the receiving error count in the receiving error count area 2e is initialized to "0" (step S21), the
transmitted data is received (step $22), and the receiving result is examined (step $28). If the data is successfully
received, a response indicating the success is sent to the transmitter side (step S24). The process retums 1o step S21
to initialize the receiving error count and waits for next data transmission (step $22). Even if data is consecutively
transmitted from the same terminal unit, the control of the antenna switch processing with the receiving error count is
no more required. Accordingly, the receiving error count is initialized at this point to be ready for transmission from
other terminal units.

If it is determined that a receiving error has occurred in step S23, a response indicating failure in receiving the
data is sent to the transmitter side, requesting re-transmission of the same data (step S25). Simuitaneously. the re-
ceiving error count is increased by *1* (step S26). Then, the remainder of the receiving error count divided by the switch
interval value is calculated as the antenna switching processing (step S27). If the remainder is “0°, the receiving antenna

is-swilched in response to the-antenna-switch signal-(step S28)-If the remainder is not *0*, the receiving antenna is

not switched. In this example, since the switch interval value on the receiver side is set at "1*, the receiving antenna
is switched every antenna switch processing. Then, the process retums 1o step S22 to wait for retransmission of the
same dala, and lhe processings in sieps S22 to S28 are repealed unlil the re-lransmission is successful. When the
re-transmission is successful, the process waits for next data transmission in step S22.

In the above transmission and receiving operations, the combination of the transmitting and receiving antennas
is sequentially changed with the antenna switch processing every time data is re-transmitted due to the occurrence of
a receiving error. Thus, as in Example 2, all the combinations of the transmitting and receiving antennas can be realized
when the antenna switching processing has been repeated four times. Therefore, according to this example, if a com-
bination of the transmitting and receiving antennas which can provide a radio wave condition where no receiving error
occurs exists among the four combinations, this combination can be selected without fail to effect data transmission/
receiving free from an error. In Example 3, re-transmission was repeated for a predetermined number of times regard-
less of the radio wave condition. This reduces the time utilizing efficiency of data transmission. In this example, however,
re-transmission is terminated once a combination of the transmitting and receiving antennas free from the occurrence

"
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of a receiving error is selected. Moreover, when Subsequent data is transmitted/received between the same terminal
units, the same combination of the transmitting and receiving antennas free from the occurrence of a receiving error
can be used. This increases the transmission rate.

In this example, the antenna switch processing was executed every occurrence of a receiving error. Alternatively,
it may be executed every time a plurality of receiving errors have occurred.

(Example 5)

Referring to Figures 8 and 9, the fifth example of the present invention will be described. Figure 8 is a flowchart
ofa receiving program on the receiver side, and Figure 9 is aflowchart of a transmission program on the transmitter side.

In Example 5, still another example of an antenna switch requiring factor which may occur in the terminal unit of
Example 2 will be described. Components having the same functions as those in Examples 1 and 2 shown in Figures
1 and 2 are denoted by the same reference numerals, and the description thereof is omitted. )

Some communication protocols allow for automatic detection of a receiving error and re-transmission of data.
When a circuit unit executing one of such protocols is used, the occurrence of individual receiving errors and the
subsequent re-transmission of data cannot be dstected in advance. Accordingly, it is impossible to execute the antenna
switch processing every re-transmission of data due to the occurrence of a receiving error as described in Example 4.
Inthis example, therefore, if currently received data is re-transmitted data, it is detected after the data has been received,
and the antenna switch processing is conducted when the re-transmitted data has been received.

- The hardware struclure of the terminal units on lhe lransmiller and receiver sides of this example is lhe same as
that in Example 2 shown in Figure 2. However, the parallel/serial converter 6 in this example conducts processings
other than the parallei-serial conversion of transmitting data and the serial-parallel conversion of receive data. That is,
the paraliel/serial converter 6 on the receiver side detects a receiving error in received data any time and sends a
response to the transmitter side automatically, while the parallel/serial converter 6 on the transmitter side re-transmits
transmittod data automatically on recoipt of tho rosponsc indicating a roceiving orror from the receiver side. Accordingly,
the controller 1 on the receiver side just receives received data from the parallel/serial converter 6, not required to
conduct detection of a receiving error and other processings. Similarly, the controller 1 on the transmitter side just
transmits transmitting data to the parallel/serial converter 6. not required to conduct re-transmission and other process-
ings. However, the receiving program executed by the controller 1 on the receiver side is programmed so as to detect
whether the received data has been received in the first transmission or after repeated re-transmission based on the -
timing at which data is sequentially received from the parallel/serial converter 6. the control signal-attached to the
received data, or a control signal (not shown) output from the parallel/serial converier 6. Similarly, the transmission
program executed by the controller 1 on the transmitter side is programmed so as to detect whether the transmitting
data has been successtully received in the first transmission or after repeated re-transmission based on the timing at
which the transmitting data is sequentially received by the paralleVserial converter 6 or a control signal (not shown)
output from the parallel/serial converter 6. - .

. Referring to Figure 8, the procedure of the receiving program in the terminal unit on the receiver side will be
described. First, after the switch count in the switch count area 2a is initialized to *0" (step S31 ), data is received (step
$32). and whether or not the received data has been successfully received in the first transmission is examined (step
§33). If the received data is determined to have been received in the first transmission, the process retums to step
$31 toinitialize the switch count and walit for next data transmission. Even if data is consecutively transmitted from the
same terminal unit, the control of the antenna switch processing with the switch count is no more required. Accordingly,
the switch count is initialized at this point to be ready for transmission from other terminal units. The above examination

. and the determination for the received data can be performed by, for example, the parity check, the sum check, the

CRC check, the sequence number check, and the like. . . . . .
~ I the received data is determined to have been received by re-transmission, the switch count is increased by "1"
(step S34). Then, the remainder of the switch count divided by the switch interval value is calculated as the antenna
swilching processing (step S35). If the.remainder is 0%, lhe receiving antenna is switched (slep S36). If the remainder
is not "0, the receiving antenna is not switched. In this example, since the switch interval value on the receiver side
is setat *1", the receiving antenna is switched every antenna switch processing. Then, the process retums to step S32
to wait for re-transmission of the same data. ;

Referring to Figure 9, the procedure of the transmission program in the terminal unit on the transmitter side will
be described. According to the transmission program, the switch count in the switch count area 2a is initialized to "0"
only when the power source is on or when the terminal unit on the receiver side is changed to another terminai unit.
Transmitting data is transmitted (step S41), and then whether or not the transmitling data has been re-transmitted is
examined (step S42). This examination is performed by the controller 1, the temporary memory 2 and the memory 3
by checking a history of the operation. if the transmitting data is determined to have been successfully received in the
first transmission, the transmission is teminated. If the transmitting data is determined to have failed in being received
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atleast one time and have been re-transmitted, the switch count is increased by "1 {step S43). The successful reception -
can be detected by receiving a response from the reception side. The response is governed by a communication

-protocol used. In general, a packet indicating the successful reception is sent from the reception side to the transmission

side. The successful reception can be determined by receiving this packet. Then, the remainder of the switch count
divided by the swilch interval value is calculated as the antenna switching processing (step S44). If the remainder is
*0°, the transmitting antenna is switched (step S45). If the remainder is not *0%, the transmitting antenna is not switched.
In this example, since the switch interval value on the transmitter side is set at "2°, the transmitting antenna is switched
every other antenna switch processing of the steps S42, S43 and S44. After the antenna switch processing is complete,
the transmit operation is terminated.

In the above transmission and receiving operations, if a receiving error has occurred and data has been re4rans-
mitted, it is detected after the data has been re-transmitted, and the combination of the transmitting and receiving
antennas is sequentially changed with the antenna switch processing every time the re-transmission is detected. Thus,
as in Example 2, all the combinations of the transmitting and receiving antennas can be realized when the antenna
switching processing has been repeated four times. In this example, however, detection of a receiving error and re-
transmission of data are automatically conducted by the parallel/serial converter 6 and the like independently from the
transmission and receiving programs. Accordingly, the antenna switch processing is executed only once for each trans-
mission/receiving operation. The combination of the transmitting and receiving antennas -cannot be sequentially
changed unless transmission/receiving is continuously conducted between the same terminal units. For this reason,
as shown in Figure 8, when the antenna switch processing is executed (steps S35 and $36). the receiving program
on the receiver side is programmed Lo wait for nex! data ransmission in slep S32 withoul inilializing the swilch counl.
Similarly, when data is transmitted to the same terminal unit, the transmission program on the transmitter side is pro-
grammed to transmit data without initializing the switch count.

Thus, according to this example, if a combination of the transmitting and receiving antennas which can provide a
radio wave condition where no receiving error occurs exists among the four combinations, this combination can be
solected without fail to effect data transmission/roceiving freo from an crror. Morcover, unlike Examplc 4, cvon in a
system using a communication protocol where detection of a receiving error and re-transmission of data are automat-
ically conducted, effective antenna switch processing can be executed without the necessity of detection of areceiving
error and re-transmission of data in the transmission and receiving programs.

In this example, the antenna switch processing was executed every occurrence of a receiving error. Alternatively,
it may be executed every time a plurality of receiving errors have occurred.

(Example 6)

Referring to Figures 10 and 11, the sixth example of the present invention will be described. Figure 10 is a block
diagram showing the configuration of a terminal unit of Example 6. Figure 11 is a flowchart of a receiving program on
the receiver side.

In Example 6, still another example of an antenna switch requiring factor which may occur in the terminal unit of
Example 2 will be described. Components having the same functions as those in Examples 1 and 2 shown in Figures
1 and 2 are denoted by the same reference numerals, and the description thereof is omitted.

In this example, the combination of the transmitting and receiving antennas is changed when the receiving level
on the receiver side is low. The hardware configuration of the terminal unit on the transmitter side is the same as that
in Example 2 shown in Figure 2. Referring to Figure 10, a temporary memory 2 of the terminal unit on the receiver side
includes a low level receiving count area 2f for storing a low level receiving count and the switch interval area 2b for
storing the switch interval value. The low level receiving count stored in the low level receiving count area 2f corresponds

to the number-of-times ‘of the detection-of low level received data. This detection is accomplished by detecting the *

signal level and the like of received data in the demodulation section 7b of the modulator/demodulator 7. The dstection
result is sent to the controlier 1 as a receiving level signal. The detection of low level receiving is announced to the
transmiller side, which therelore becomes a common anlenna swilch requiring factor on bolh the lransmiller and re-
ceiver sides. Accordingly, the low level receiving count on the receiver side is increased simultaneously with the incre-
ment of the switch count on the transmitter side, and the values of the two counts are substantially the same. The
setting of the switch interval value stored in the switch interval area 2b is as described in Example 2.

Referring to Figure 11, the procedure of the receiving program in the terminal unit on the receiver side will be
described. First, after tho low level receiving count in the low level receiving count area 2f is initialized to "0® (step S51),
data is received (step S52), and the receiving level is examined (step S53). If the receiving level is not low, the process
retums to step S51 to initialize the low level receiving count and waits for next data transmission (step $52). Even if
data is consecutively transmitted from the same terminal unit, the control of the antenna switch processing with the
low level receiving count is no more required. Accordingly, the low level receiving count is initialized at this point to be
ready for transmission from other terminal units.

13

ATANABINAD |



10

15

20

25

30

35

50

55

EP 0740430 A2

It the receiving level is determined to be low in step S53, a response indicating the low level receiving is sent to
the transmitter side (step S55). Simultaneously, the low level receiving count is increased by "1* (step 855). Then, the
remainder of the low level receiving count divided by the switch interval value is calculated as the antenna switching
processing (step S56). If the remainder is "0". the receiving antenna is switched (step S57). If the remainder is not * °,
the receiving antenna is not switched. In this example, since the switch interval value on the receiver side is set at "1°,
the receiving antenna is switched every antenna switch processing. Then, the process returns to step S52 to wait for
next data transmission. ’

The procedure of the transmission program in the terminal unit on the transmitter side is substantially the same
as that in Example 5 shown in Figure 9. The difference is that the examination of whether or not the transmitting data
has been re-transmitted in step S42 is replaced with the examination of whether or not a response indicating low level
receiving has been received from the receiver side. When received, the switch.count is increased (step S43) and the
antenna switch processing is conducted (steps S44 and $45).

In the above transmission/receiving operations, the combination of the transmitting and receiving antennas is
sequentially changed with the antenna switch processing every time low level receiving is detected. Thus, asin Example
2, allthe combinations of the transmitting and receiving antennas can be realized when the antenna switching process-
ing has been repeated four times. In this example, however, re-transmission is not conducted even when the receiving
level is low. Accordingly, the antenna switch processing is executed only once for each transmission/receiving opera-
tion. The combination of the transmitting and receiving antennas cannot be sequentially changed unless transmission/
receiving is continuously conducted between the same terminal units. For this reason, as shown in Figure 11, when
the anlenna swilch processing is execuled (sleps S56 and §57). the receiving program on the receiver side is pro-
grammed to wait for next data transmission in step S52 without initializing the low level receiving count. Similarly, when
data is transmitted tothe same teminal unit, the transmission program on the transmitter side is programmed to transmit
data without initializing the switch count. )

Thus, according to this example, if a combination of the transmitting and receiving antennas which can provide a
radio wavce condition where the receiving level is not fow exists among the four combinations, this combination can be
selected without fail to effect better data transmission/receiving. .

In this example, the antenna switch processing was executed every time low level receiving is detected. Alterna-
tively, it may be executed every time low level receiving is detected a plurality of times.

(Example 7)

Referring to Figures 12 and 13, the seventh example of the present invention will be described. Figure 12 is a
block diagram showing the configuration of a terminal unit of Example 7. Figure 13 is a flowchart of a receiving program
on the receiver side.

In Example 7, still another example of an antenna switch requiring factor which may occur in the terminal unit of
Example 2 will be described. Components having the same functions as those in Examples 1 and 2 shown in Figures
1 and 2 are denoted by the same reference numerals, and the description thereof is omitted.

In this example, as in Example 6, the combination of the transmitting and receiving antennas is changed when the
receiving level on the receiver side is low. In this example, however, the terminal unit on the receiver side receives
data transmitted from a plurality of terminal units on the transmitter side. The hardware configuration of the terminal
units on the transmitter side is the same as that in Example 2 shown in F igure 2. Referring to Figure 12, the temporary

The procedure of the transmission program in the terminal unit on the transmitter side is the same as that described
in Example 6. Reforring to Figure 13, the procedure of tho feceiving program in the terminal unit on the receiver side
will be described. First, a dummy address is stored in the source address area 2g (step S61), and the low level receiving
count in the low level receiving count area 2f is initialized 1o "0" (step S62). Then, data is received (step S63). The data
receiving in this example refers to the receiving of all of a series of data including all blocks, if the data is divided into
a plurality of blocks, because these blocks have the common source address. Thus, after a series of data are received,
the level of the received data is examined (step S64). If it is determined that the receiving level is not low, the source
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address is changed to the address of the transmitter of the current received data (step S65). Then. the process retums
to step S62 to initialize the low level receiving count and waits for next data transmission (step S63). The low leve!
receiving count is initialized for the same reason as described in Example 6.

If the receiving level is determined to be low in step S64, whether or not the source address is a dummy is examined
(step S66). If the low level data is the first received data, the source address is a dummy. Thus, the source address is
changed to the address of the transmitter of the current received data as in step S65 (step S67). Then, a response
indicating the receipt of low level data is sent to the transmitter (step S68), and simultaneously the low level receiving
count is increased by "1°.(step S69). Then, the remainder of the low level receiving count divided by the switch interval
value is calculated as the antenna switching processing (step S70). If the remainder is "0, the receiving antenna is
switched (step S71). If the remainder is not 0", the receiving antenna is not switched. In this example, since the switch
interval value on the receiver side is set at *1*, the receiving antenna is switched every antenna switch processing.
After:he completion of the antenna switch processing, the process returns to step S63 to wait for next data transmission.

i the level of data received after the change of the source address in step S67 is determined to be tow, the source
address for the data will be determined as not dummy in step S66. Accordingly, for all received data which are deter-
mined NO in step S66, whether or not the stored source address and the source address of the currently received data
are identical to each other is examined, (step S72). If they are identical, i.e., if data received from the same transmitter
is determined low again, the response to the transmitter (step S68), the increment of the low level receiving count (step
$69). and the antenna switch processing (steps S70 and S71) are executed as described above. The process then
retums to step S63 and walits for next data transmission. Thus, when the level of data received from the same transmitter
is delermined low conseculively, lhe combinalion of the transmilling and receiving anlennas is sequentlially changed
with the antenna switch processing. Accordingly, a combination with which the receiving level is not low can be selected
among the four combinations without fail, if such a combination exists.

If data is received from a different transmitter and the level of the data is determined low, the source address of
the currently received data is determined to be different from the stored source address in step S72. In this case, the
stored source address is replaced with tho source addross of the currently recoived data without oxecuting the antenna
switch processing (step S65). Then, the process retums to step S62 to initialize the low level receiving count and waits
for next data transmission (step S63). Thus, when the transmitter changes, the antenna switch processing is not ex-
ecuted when received data from the new transmitter is determined low first. Instead, the combination of the transmitting
and receiving antennas used last time for the previous transmitter is retained. This procedure is advantageous in such
a case that data from the new transmitter lasts only once and subsequently data from the previous transmitter follows.
Data from the previous transmitter can be received without repeating the antenna switch processing. When data from
the new transmitter is received in succession and detemnined low consecutively, the stored source address and the
source address of currently received data are determined identical to each other in step S72. Then, the antenna switch
processing is executed to select a combination suitable for the new transmitter.

Thus, according to this example, as far as the transmission/receiving is conducted between the same terminal
units, the combination of the transmitting and receiving antennas is sequentially changed with the antenna switch
processing every time low level receiving data is detected as in Example 6. Accordingly, if a combination of the trans-
mitting and receiving antennas which can provide a radio wave condition where the receiving level is not low exists
among the four combinations, this combination can be selected without fail to effect better data transmission/receiving.
When the transmitter is changed, the antenna switch processing is not executed for the first data receiving from the
new transmitter even when a low level is detected in the data. Thus, in the case where a different transmitter interrupts
once or the transmitter frequently changes one after another, the combination of the transmitting and receiving antennas
will not be changed unnecessarily.

In this example, the antenna swilch processing was executed every time low level receiving from the same trans-
mitter is detecied. Alternatively, it may be executed every time iow level receiving from the same transmittér is detected
a plurality of times.

In Examples 1 to 7, the two antennas 11 and 12 were switched therebetween. It is also possible to configure to
conducl lhe swilching among three or more aniennas without subslantially changing the configuralion described above.
In Examples 2to 7, the switch interval values on the transmitter and receiver sides were set at "2* and "1°, respectively.
However, they can be set at any appropriate values depending on the number of antennas and other conditions. For
example, the switch interval values on the transmitter and receiver sides may be set at 4" and "2*, respectively. In
such a case, the combination of the transmitting and receiving antennas is changed every other antenna switch process-
ing. Thus, all of the four combinations will be realized after the antenna switch processing has been oxecuted eight
times. In Examples 2 to 7, the transmitting and receiving antennas were switched when the remainder of a certain
count value divided by the switch interval value is "0". Any value of the remainder can also be used as far as it is less
than the switch interval value.

The switch count area 2a, the switch interval area 2b, the re-transmission count area 2c¢, the re-transmission upper
limit area 2d, the receiving error count area 2e, the low level receiving count area 2f, and the source address area 2g
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Thus, according to the radio communication apparatus of the present invention, a variety of data receiving condi-
tions can be realized by switching antennas on both the transmitter and receiver sides. As a result, the effect of the

¢an be determined only by the caicuiation between the current value of the switch count and a predetermined value.
Transmitting data can be repeatedly re-transmitted through all the combinations of the transmitting and receiving
antennas to ensure the transmission of the data to the receiver side. By detecting a receiving error or low level receiving

Various othor modifications will bo apparoent to and can be readily mado by thosc skiilod in the art without departing
from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended hereto
be limited to the description as set forth herein, but rather that the claims be broadly construed. :

Claims

1. A pair of radio communication apparatuses on a transmitter side and a receiver side f_or conducting data transmis-
sion and receiving through radio communication by a space diversity method where a plurality of antennas are
switched therebetween,

wherein the radio communication apparatus on the transmitter side comprises a transmission circuit for con-
ducting data transmission and a transmitting antenna switch circuit for selecting a transmitting antenna among

3. A pair of radio communication apparatuses according to claim 1, wherein the radio communication apparatus on

and which transmitting antenna is selected in accordance with an antenna switch procedure designed so that,
when both the transmitting antenna switch circuit and the receiving antenna switch circuit switch the transmitting
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antennas and the receiving antennas simultaneously or either one of the transmitting antenna switch circuit and
the receiving antenna switch circuit switches the transmitting or receiving antennas and a switch count correspond-
ing 1o the number of times of switching is equal to a product of the number of transmitting antennas and the number
of receiving antennas, all combinations of the transmitting antennas and the receiving antennas realized by all of
the switching are different from one another, and ’

the radio communication apparatus on the receiver side further comprises receiving antenna switch means
for executing an antenna switch processing by controlling whether or not the receiving antennas are switched by
the receiving antenna swilch circuit and which receiving antenna is selected in accordance with the antenna switch
processing.

A pair of radio communication apparatuses according to claim 1, wherein each of the radio communication appa-
ratuses on the transmitter side and the receiver side further comprises switch count means for counting the number
of times of switching conducted by both the transmitting antenna switch circuit and the receiving antenna switch
circuit simultaneously or by one of the antenna switch circuits,

the radio communication apparatus on the transmitter side further comprises transmitting antenna switch
means for executing an antenna switch processing by allowing the transmitting antenna switch circuit to switch
the transmitting antennas in a predelermined order only when a remainder of the switch count counted by the
switch count means on the transmitter side divided by a predetermined transmission switch interval value, and
the radio communicalion apparalus on the receiver side (urther comprises receiving anlenna swilch means
for executing an antenna switch processing by allowing the receiving antenna switch circuit to switch the
receiving antennas in a predetermined order only when a remainder of the switch count counted by the switch
- count means on the receiver side divided by a predetemmined receiving switch interval value.

A pair of radio communication apparatuscs according to claim 3, whercin the radio communication apparatus on
the transmitter side further comprises re-transmission means for transrhitting data repeatedly for a predetermined
number of times, and the transmitting antenna switch means executes the antenna switch processing every time
the data is transmitted, and

the radio communication apparatus on the receiver side further comprises received data synthesizing means
for selecting or synthesizing effective received data from a plurality of received data every time data is received a
plurality of number of times, and the receiving antenna switch means executes the antenna switch processing
every time the data is received. i

A pair of radio communication apparatuses according to claim 4, wherein the radio communication apparatus on
the transmitter side further comprises re-transmission means for transmitting data repeatedly for a predetermined
number of times, and the transmitting antenna switch means executes the antenna switch processing every time
the data is transmitted, and :

the radio communication apparatus on the receiver side further comprises received data synthesizing means
for selecting or synthesizing effective received data from a plurality of received data every time data is received a
plurality of number of times, and the receiving antenna switch means executes the antenna switch processing
every time the data is received.

A pair of radio communication apparatuses according to claim 3, wherein the radio communication apparatus on
the transmitter side further comprises re-transmission means for re-transmitting previously transmitted data when

" a’response’indicating detection of a receiving-error is received from the radio communication apparatus on the

receiver side or a response indicating success in receiving the data is not received, and the transmitting antenna
switch means executes the antenna switch processing when the re-transmission means re-transmits the transmit-
led dala, and

the radio communication apparatus on the receiver side further comprises receiving emor detection means
for detecting a receiving error of received data and response means for sending a response to the radio commu-
nication apparatus on the transmitter side through radio communication when the rece iving error detection means
detects areceiving error or when the data has been successfully received, andthe receiving antenna switch means
executes the antenna switch processing evory time the receiving error detoction means detects a recoiving error,

A pair of radio communication apparatuses according to claim 4, wherein the radio communication apparatus on
the transmitter side further comprises re-transmission means for re-transmitting previously transmitted data when
a response indicating detection of a receiving error is received from the radio communication apparatus on the
receiver side or a response indicating success in receiving the data is not received, and the transmitting antenna
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switch means executes the antenna switch processing when the re-transmission means re-transmits the transmit-
ted data, and :

the radio communication apparatus on the receiver side further comprises receiving ermror detection means
for detecting a receiving error of received data and response means for sending a response to the radio commu-
nication apparatus on the transmitter side through radio communication when the receiving error detection means
detects areceiving error or when the data has been successfully received, and the receiving antenna switch means
executes the antenna switch processing every time the receiving error detection means detects a receiving error.

A pair of radio communication apparatuses according to claim 3, wherein the radio communication apparatus on
the receiver side further comprises re-transmission receiving detection means for detecting that received data is
re-transmitted data, and the receiving antenna switch means executes the antenna switch processing when the
re-transmission receiving detection means detects that the received data is re-transmitted data, and

the radio communication apparatus on the transmitter side further comprises re-transmission detection
means for detecting that transmitted data has been successfully received by re-transmission, and the transmitting

- antenna switch means executes the antenna switch processing when the re-transmission detection means detects

success in transmitting data by re-transmission.

A pair of radio communication apparatuses according to claim 4, wherein the radio communication apparatus on
the receiver side further comprises re-transmission receiving detection means for detecting that received data is
re-lransmilled dala, and lhe receiving anlenna swilch means execules lhe antenna swilch processing when lhe
re-transmission receiving detection means detects that the received data is re-transmitted data, and

the radio communication apparatus on the transmitter side further comprises re-transmission detection
means for detecting that transmitted data has been successfully received by re-transmission, and the transmitting
antenna switch means executes the antenna switch processing when the re-transmission detection means detects
succoss in transmitting data by re-transmission. -

A pair of radio communication apparatuses according to claim 3, wherein the radio communication abparatus on
the receiver side further comprises receiving level detection means for detecting a receiving level of received data
and response means for sending a responsa to the radio communication apparatus on the transmitter side through
radio communication when the receiving level detection means detects a low receiving level, and the receiving
antenna switch means executes the antenna switch processing when the receiving level detection means detects

the transmitting antenna switch means of the radio communication apparatus on the transmitter side executes

“the antenna switch processing when a response indicating detection of a low receiving level from the radio com-

munication apparatus on the receiver side is received.

A pair of radio communication apparatuses according to claim 4, wherein the radio communication apparatus on
the receiver side further comprises receiving level detection means for detecting a receiving level of received data
and response means for sending a response to the radio communication apparatus on the transmitter side through
radio communication when the receiving level detection means detects a low receiving level, and the receiving
antenna switch means executes the antenna switch processing when the receiving level detection means detects
a low receiving level, and

the transmitting antenna switch means of the radio communication apparatus On the transmitter side exe-
cutes the antenna switch processing when a response indicating detection of a low receiving level from the radio

A pair of radio communication apparatuses according to claim 11, wherein the radio communication apparatus on
lhe receiver side furlher comprises source address memory means for sloring an address of a transmilter of pre-
viously received data and antenna switch withholding means for instructing the receiving antenna switch means
to withhold the execution of the antenna switch processing and instructing the response means to withhold the
sending of the response to the transmitier side when an address of a transmitter of currently received data is
different from the source address stored in the source address memory means.

A pair of radio communication apparatuses according to claim 12, wherein the radio communication apparatus on
the receiver side further comprises source address memory means for storing an address of a transmitter of pre-
viously received data and antenna switch withholding means for instructing the receiving antenna switch means
to withhold the execution of the antenna switch processing and instructing the response means to withhold the
sending of the response to the transmitter side when an address of a transmitter of currently received data is
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different from the source address stored in the source address memory means.

A transmitter/receiver apparatus for transmitting data in transmit mode and receiving data in receive mode through
radio communication by a space diversity method involving switching between a plurality of antennas, the appa-
ratus having: ’

transmitting means comprising a transmission circuit for conducting data transmission and a transmitting an-
tenna switch circuit for selecting a transmitting antenna among a plurality of transmitting antennas for trans-
mitting radio waves and connecting the selected transmitting antenna to the transmission circuit, and
receiver means comprising a receiving circuit for conducting data receiving and a receiving antenna switch
circuit of selecting a receiving antenna among a plurality of receiving antennas for receiving radio waves and
connect.ng the selected receiving antenna to the receiving circuit.

A transmitter/receiver apparatus according to claim 15 including a common plurality of antennas and mode switch
means operable in response to a transmit/receive switch signal to selectively connect the transmission circuit or
the receiving circuit to a common antenna switch circuit in accordance with the selected mode of operation of the
apparatus, said common antenna switch circuit acting as the transmitting antenna switch circuit in the transmit
mode and as the receiving antenna swilch circuit in the receive mode, and said common plurality of antennas
acting as the transmitting antennas in the transmit mode and as the receiving antennas in the receive mode.
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